Introduction: EGF, latrophilin, and seven transmembrane domain containing 1 (ELTD1) constitutes an orphan G-protein-coupled receptor (GPCR) of the adhesion family. High expression of ELTD1 is correlated with favorable prognosis of hepatocellular carcinoma (HCC). After silencing ELTD1 expression, however, tumor invasiveness is drastically reduced. The underlying mechanism of this apparent contradictory phenomenon is unknown. Because adhesion GPCRs couple extracellular adhesion to intracellular signaling, as a member of this family, ELTD1 function may be related to its tumor microenvironment. We therefore investigated the interaction between ELTD1 and the HCC tumor microenvironment. Methods: ELTD1 expression was assessed by immunohistochemical analyses of tissue samples from two independent groups of 333 patients with HCC. Correlations between the ELTD1 expression and the clinicopathological values were examined. We also constructed ELTD1 overexpression and knockdown HCC cell lines and conducted a series of in vivo and in vitro ELTD1 functional assays. We further collected carcinoma associated fibroblast (CAF) culture supernatants to culture HCC cell lines and repeat the respective functional assays in comparison with the control group. Results: Clinicopathologic correlations and in vivo models indicated ELTD1 as a tumor suppressor gene, whereas in vitro experiments suggested that ELTD1 could promote malignancy in HCC cell lines. Immunohistochemical staining of the generated ELTD1 overexpression xenograft tumors demonstrated that the CAF markers vimentin and α-SMA were highly expressed compared to the control group. This suggests that ELTD1 expression is correlated to CAF distribution. In addition, culturing with CAF supernatants inhibited HCC cell proliferation and invasion rates, confirming the correlation between CAF and ELTD1.
Introduction
Hepatocellular carcinoma (HCC) is the most common neoplasm among all primary liver cancers and constitutes the second leading cause of cancer-related death [1] . Studies have shown that the crosstalk between cancer cells and their stromal microenvironment is crucial to the carcinogenesis and progression of HCC [2, 3] . The modified stroma around the malignant cells is termed the tumor microenvironment; this is mainly composed of fibroblasts alongside with endothelial cells, pericytes, adipose cells, immune and inflammatory cells, and the extracellular matrix elements [4] . The interaction
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International Publisher amongst these cells, which is mediated by G protein-coupled receptors (GPCRs), is essential to tumor microenvironment function. The GPCR superfamily comprises the largest family of integral transmembrane proteins in vertebrates and plays a dominant role in signal transduction [5] . Notably, over 100 GPCRs represent orphan receptors that do not have identified ligands, of which the largest family is the adhesion GPCRs [6] . Adhesion GPCRs feature unique subfamily-specific properties that couple (extracellular) cell adhesion to intracellular GPCR signaling. Specifically, their large extracellular N-terminal domains comprise multiple functional subdomains that facilitate interactions with extracellular proteins to facilitate cell-cell adhesion [7] .
EGF, latrophilin and seven transmembrane domain containing 1 (ELTD1) is a relatively less studied orphan receptor of the adhesion GPCR family that was first reported to function as an important effector in the processes of angiogenesis [8] . High expression of ELTD1 has been shown to promote both normal and pathological angiogenesis [9] ; however, the clinical relevance of ELTD1 expression in renal, head and neck, colorectal, and ovarian cancer demonstrates that higher expression of ELTD1 is correlated with favorable prognosis [10] . As considerable evidence supports the model that tumor proliferation, invasion, and metastasis depend on angiogenesis [11] [12] [13] , the question of how ELTD1 can simultaneously promote tumor angiogenesis and be a favorable prognosis factor appears worthy further investigation. Considering that the adhesion GPCR family facilitates interactions with extracellular proteins, their functions are likely mediated by the tumor microenvironment. We therefore suspected that the apparent contradictory effect of ELTD1 may be caused by associated changes in the tumor microenvironment.
A growing body of evidence indicates that a sub-population of fibroblasts that comprise the tumor microenvironment can modulate cancer progression. The role of these cells, termed carcinoma-associated fibroblasts (CAFs) [14] , in tumor progression is multifaceted. CAFs inhibit early stages of tumor progression, mainly through the formation of gap junctions between activated fibroblasts [15] . Subsequently, CAFs become activated by several tumor-secreted factors and promote both tumor growth and progression [16] . Notably, the initial gap junctions are most likely formed by adhesion GPCRs [17] . Thus, in the present study, we analyzed the frequent aberrant expression of ELTD1 in HCC tissues by immunohistochemical (IHC) staining, and examined possible correlations between ELTD1 and several clinicopathological variables. We then conducted a series of in vivo and in vitro experiments to verify the correlation between ELTD1 and the tumor microenvironment in HCC.
Materials and Methods

Patients and tissue specimens
This study was approved by the institutional review board of Sun Yat-sen University Cancer (SYSU). Written informed consent was obtained from all patients. Formalin-fixed, paraffin-embedded tissues were obtained from 333 patients who underwent curative resection for HCC at the Cancer Center of Sun Yat-sen University between 2004 and 2011. The inclusion criteria used for patient enrollment in the cohorts were an absence of anticancer therapies or distant metastasis before the operation; a lack of concurrent autoimmune disease, human immunodeficiency virus, or syphilis; and the availability of follow-up data. Patients with Child-Pugh class B or C were excluded from our study. Histological diagnosis was based on the World Health Organization Classification of Hepatocellular Carcinoma [18] . Tumor differentiation was defined in accordance with the criteria of Edmondson and Steiner [19] . Pathological staging was performed by the Department of Pathology, Sun Yat-sen University Cancer Center according to the Barcelona Clinic Liver Cancer (BCLC) staging classification [20] . Clinicopathological features were obtained from patient clinical records (Table 1) .
Patient follow-up
HCC recurrence within the first two years following surgery is mainly due to intrahepatic metastasis, whereas late recurrence usually results from multicentric occurrence [21] . Using two years as a cutoff, tumor recurrence was classified as either early recurrence or late recurrence [22] . During follow-up, serum alpha-fetoprotein (AFP) levels were monitored and three phase dynamic computed tomography scanning or magnetic resonance imaging was performed every one to three months after surgery. Overall survival (OS) was defined as from the date of liver resection to the date of death or last follow-up. Recurrence-free survival (RFS) was measured from the date of surgery until the date of relapse, metastasis, or last follow-up. Curative resection was defined as complete resection of all tumor nodules with clear microscopic resection margins and no residual tumors on computed tomography scans performed one month after surgery.
Isolation and culture of CAFs and preparation of CAF supernatants (CSNs)
The generation of CAFs was performed as previously described [3] . Paired fresh HCC and distant liver tissues were obtained from two patients with HCC undergoing partial hepatic resection. Tissues were finely minced with a scalpel in a tissue culture dish and enzymatically dissociated in 1 mg/mL collagenase type IV (Sigma-Aldrich, St Louis, MO, USA) at 37°C for 1 h with frequent shaking. The activity of collagenase was blocked using phosphate buffered saline (PBS) supplemented with 10% fetal bovine serum. The single cell suspension was washed and filtered through a 40-μm cell strainer (BD Biosciences, Milan, Italy). Cells were plated on a 100-mm dish in MyeloCult® medium (StemCell Technologies, Vancouver, BC, Canada) in the presence of 1 μM hydrocortisone sodium succinate and 1% antibiotics. Cells were maintained in a controlled CO2 incubator at 37°C, 95% humidity, and 5% CO 2 with medium change every three days, and sub-cultured with 0.05% trypsin in PBS when they reached 80%-90% confluence. Morphological homogeneity of the cells was observed along subcultures. The primary cells from HCC nodules were identified as CAFs whereas cells from distant non-tumoral tissues were classified as non-tumoral fibroblasts.
CSNs were prepared as previously described [23] by plating 5 × 10 6 tumor cells in 10 mL complete medium in 100-mm dishes for 24 h, after which the medium was changed to complete Dulbecco's modified Eagle medium (DMEM; Gibco, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum. After 48 h, the supernatants were harvested, centrifuged, and stored in aliquots at −80°C.
Cell lines and culture conditions
Human HCC cell lines SMMC-7721 and Huh7, and one normal hepatic cell line, L02, were obtained from the National Cancer Centre Singapore (NCCS). All cell lines were cultured in DMEM supplemented with 10% fetal bovine serum (Gibco) or CSN. The cells were incubated in a humidified incubator supplied with 5% CO2 at 37°C.
Plasmid constructs and transfection
Human ELTD1 cDNA (GeneCopoeia, Inc., Rockville, MD, USA) was cloned into the pEZ-Lv201 vector (GeneCopoeia, Inc., Rockville, MD, USA) and then transfected into the 293FT packaging cell line using a Lenti-Pac™ HIV Expression Packaging Kit (GeneCopoeia, Inc.) according to the manufacturer's instructions. Virus-containing supernatants from 293FT cells were collected and filtered using 0.45-μm filters. The filtered supernatant was added to 70% confluent cells in the presence of 8 μg/mL polybrene (Sigma). After 48 h, the cells were incubated with fresh complete medium containing the appropriate concentration of puromycin for stable transduced cells. In addition, the control vector pEZ-Lv201 alone was also transfected in the same manner.
Short interfering RNA (siRNA) transfection
SiRNA targeting ELTD1 was purchased from Ribo Bio tech (Guangzhou, Guangdong, China) and transfected into HCC cells using Lipofectamine™ 2000 (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions.
IHC analysis and assessment of IHC staining
Paraffin-embedded samples were cut into 4-μm sections and processed for IHC. Tissue sections prepared for antigen retrieval by microwave treatment in citrate buffer (pH 6.0) were incubated with anti-ELTD1 (Proteintech Group, Chicago, IL, USA), anti-αSMA (Cell Signaling Technology, Danvers, MA, USA), anti-vimentin (Cell Signaling Technology), and anti-CD34 (Santa Cruz, Dallas, Texas, USA) primary antibodies. Immunostaining was performed using the Envision System with diaminobenzidine (Dako Cytomation, Glostrup, Denmark). Images were viewed and assessed using a microscope (Eclipse 80i, Nikon, Tokyo, Japan). Assessments of the ELTD1 staining were scored by two experienced pathologists blinded to patient identity and clinical status. The staining analysis technique was performed as previously described [24] . In particular, the proportion score was assigned based on the proportion of positive cells and the intensity of staining. The proportion of positive cells was scored from 0% to 100%. The intensity of staining was scored from 0 to 3 (0, none; 1, weak; 2, intermediate; 3, strong). The final quantitation of each staining was obtained by multiplying the two scores. For patient survival analyses, the median was set as the cut-off to distinguish strong and weak staining of ELTD1.
Evaluation of microvessel density (MVD)
As ELTD1 has been classified as an endothelial marker in both normal and pathological angiogenesis, we investigated the correlation between ELTD1 and MVD using CD34 staining for MVD evaluation of HCC as previously described [11] . Screening of the tumor was first performed at a low power (40×) to identify areas of MVD coordinating with the highest expression of ELTD1. Five areas of highest MVD were selected for counting under 200× magnification. Any brown-stained endothelial cell or endothelial cell cluster that was clearly separated from adjacent microvessels, tumor cells, and other connective tissues was considered a single, countable blood vessel regardless of whether a vessel lumen was seen. Image analysis for MVD counting was performed by using interactive software developed in our laboratory. The software allows the application of standardized computational algorithms as well as review and refinement of the result of those algorithms by human operators. The mean value of the vessel counts in the selected spots was retained as the final MVD count. For patient survival analyses, the median was set as the cut-off to distinguish high and low values of MVD.
Protein extraction and western blot analysis
Cells were lysed in the presence of 50 mM Tris (pH 7.5), 150 mM NaCl, and 0.5% NP-40 on ice. Protein lysates were separated by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis and then transferred to a polyvinylidene fluoride membrane. After the membranes were blocked by 5% bolvine serum albumin, they were incubated with various antibodies at 4°C overnight. Then, the membranes were incubated with horseradish peroxidase-conjugated antibodies at room temperature for 45 min. Protein signals were detected using enhanced chemiluminescence (Pierce, Rockford, IL, USA).
RNA extraction and quantitative real-time polymerase chain reaction (PCR)
Total RNA was isolated from cell lines using TRIzol Reagent (Invitrogen Life Technologies). RNA (2 µg) was reverse-transcribed using a SuperScript® III First-Strand Synthesis System (Invitrogen Life Technologies) according to the manufacturer's instructions. For the real-time PCR assay, cDNA was subjected to PCR amplification using SYBR Green (Toyobo, Kita-ku, Osaka, Japan) and a Roche LightCycler 480 System (Madison, WI, USA). GAPDH was used as an internal control. The primers were as follows: GAPDH: Forward: GGT ATG ACA ACG AAT TTG GC, Reverse: GAG CAC AGG GTA CTT TAT TG; ELTD1: Forward: GAA ATT TAA CTC AGT CCT GTG G, Reverse: GTC CCA AAC TAC AAA TGT ATC C.
Cell colony formation assay
For colony formation assays, 1 × 10 3 cells were seeded in each well of 6-well plates and then cultured with DMEM supplemented with 10% fetal bovine serum for 10 days. The colonies were washed twice with PBS, fixed in methanol for 15 min, and stained with crystal violet for 15 min at room temperature. After the stain was washed out, the number of colonies was counted. Colony formation efficiency was measured as the ratio of the number of colonies formed to the total number of cells plated.
Cell invasion assay
Cell invasion assays were performed in Transwell chambers (8-μm pore size; Corning, Armonk, NY, USA). A total of 5 × 10 5 cells were seeded in the upper chamber of the insert with 1:8 diluted Matrigel (BD Biosciences, San Jose, CA, USA). The upper chamber was supplemented with serum-free medium, and medium with 5% fetal bovine serum was added to the lower chamber as a chemoattractant. These tumor cells were cultured at 37°C for 24 h. Five random fields were counted in triplicate assays.
In vivo tumorigenesis and invasion assays
All the animal experiments were performed in accordance with the guidelines of the Laboratory Animal Ethics Committee of Sun Yat-Sen University. For the in vivo tumorigenesis model, 5 × 10 6 cells were injected subcutaneously into BALB/C-nu/nu athymic nude mice. After four weeks, the mice were euthanized and the subcutaneous tumors were resected, fixed in phosphate-buffered neutral formalin, sectioned serially, and stained with hematoxylin and eosin. Then, IHC analysis was performed. Another orthotopic tumor model for HCC was established by intrahepatic tumor cell injection. Each group consisted of 6 male BALB/C-nu/nu athymic nude mice. Briefly, the mice were anesthetized with 1% pentobarbital and a midline incision was made to expose the liver. 7721-ELTD1 or 7721-Vector cells resuspended in Matrigel (1:1) were slowly injected under the hepatic capsule into the liver. After eight weeks, the livers and lungs of the two groups were collected after cervical dislocation to euthanise the mice.
Statistical analysis
All statistical calculations were performed using SPSS 19.0 statistical software (SPSS Inc., Chicago, IL, USA). For continuous variables, the data are expressed as the means ± standard error of the mean. The significance of differences between values was determined using the Student t test. The chi-squared test was applied to examine the correlation between ELTD1 expression and clinical pathological parameters. Survival curves for patients were calculated using the Kaplan-Meier method and analyzed using the log-rank test. Prognostic factors were examined by univariate and multivariate analyses using the Cox proportional hazards model. All differences were deemed significant at P < 0.05.
Results
ELTD1 staining by IHC in HCC tissues is inversely correlated with poorer clinicopathologic features
IHC analysis indicated that ELTD1 was primarily localized in the cytoplasm of the tumor cells ( Figure 1A) . The median of 0.5 was set as a cut-off. ELTD1 expression was classified as strong staining if the score was higher than the cut-off ( Figure 1B) , and weak if the score was 0.5 or less ( Figure 1D) . A total of 157 (47.1%) primary HCC specimens were detected as strong-and 176 (52.9%) as weak-staining specimens. The correlation between ELTD1 expression and clinicopathological characteristics is shown in Table 1 . ELTD1 expression in cancer cells was correlated with tumor diameter (P = 0.000), tumor number (P = 0.000), vascular invasion (P = 0.000), TNM stage (P = 0.000), BCLC stage (P = 0.000), early recurrence (P = 0.000), and MVD (P = 0.000) ( Table 1) . Weak intensity of staining in the cancer cells tended to be associated with poorer characteristics than the other staining group. 
ELTD1 expression correlates with HCC angiogenesis as determined by MVD
MVD was categorized by counting the amount of vessels stained with CD34 by IHC. The mean value of MVD ranged from 5 to 400 microvessels/mm 2 ; the median 88 microvessels/mm 2 was set as the cut-off. MVD was classified as low density if the count was lower than the median; if it received a higher count, the case was classified as high density. A total of 169 (50.8%) primary HCC specimens were detected as high density compared to 164 (49.2%) low density specimens ( Figure 1B, D) . MVD classification was used to investigate whether ELTD1 expression is associated with angiogenesis in HCC ( Figure 1C, E) . Low MVD was significantly correlated with low ELTD1 expression (Table 1, P = 0.000).
ELTD1 expression correlates with enhanced survival in patients with HCC
The association between ELTD1 expression in cancer cells and survival outcome was evaluated. Analysis of the prognostic significance of ELTD1 expression calculated by Kaplan-Meier survival analysis revealed that lower expression of ELTD1 was associated with a poorer survival rate ( Figure 2A ) and a higher possibility of recurrence ( Figure 2B ). In univariate analysis of OS and RFS in all patients, ELTD1 expression was significantly correlated with both OS and RFS ( Table 2 ). The median OS in ELTD1 low-expression and ELTD1 high-expression subgroups was 39.0 and 74.9 months, respectively, whereas the median RFS was 22.2 and 57.2 months. These data indicated that the ELTD1 expression level in tumor cells represented an independent prognostic factor for HCC.
Lower ELTD1 expression generally correlates with worse prognosis of patients with HCC according to clinical (BCLC Stage) and pathological subgroup
To further evaluate the prognostic value of ELTD1 in different subgroups, patients were stratified according to MVD staining ( Figure 3A, B) , tumor size ( Figure 3C, D) , tumor number ( Figure 3E, F) , vascular invasion ( Figure 3G, H) , and BCLC stage ( Figure 3I, J) . Kaplan-Meier survival analysis according to ELTD1 expression suggested ELTD1 to be of prognostic value particularly in patients with low MVD (Figure 3 A, B) . The prognostic value of lower ELTD1 expression was maintained in predicting poorer OS and RFS in most of the other subgroups as well.
ELTD1 displays an oncogenic function in HCC in vitro
Because ELTD1 expression in tumor cells was inversely associated with malignant clinicopathological features, we explored the potential biological functions of ELTD1 in HCC tumorigenesis. First, we examined the ELTD1 expression pattern in HCC cell lines (SMMC-7721 and Huh7) and normal liver cells (L02). Notably, SMMC-7721 displayed lower ELTD1 messenger RNA and protein levels whereas Huh7 displayed significantly higher levels of ELTD1 than the normal liver cell line ( Figure 4A, B) .
To further investigate the role of ELTD1 in malignancy, SMMC-7721 was transfected with an ELTD1 expression plasmid (pEZ-Lv201-ELTD1) and a control vector (pEZ-Lv201), whereas Huh7 cells were transfected with an ELTD1 knockdown siRNA and a control vector. The ectopic expression of ELTD1 in the cells was confirmed by quantitative real-time PCR and western blot analysis ( Figure 4C, D) . Functional assays ( Figure 5, left) showed that overexpression of ELTD1 in HCC cells significantly promoted the cell invasion rate (P ˂ 0.05; Figure 5A ) and growth (P ˂ 0.05; Figure 5C ). Knockdown of ELTD1, on the other hand, inhibited cell invasion rate (P ˂ 0.05; Figure 5B ) and growth (P ˂ 0.05; Figure 5D ).
ELTD1 overexpression decreases whereas ELTD1 knockdown increases cell proliferation and tumor invasion after culture with CSN
To assess the influence of the tumor microenvironment on ELTD1 function, we next cultured ELTD1 overexpression SMMC-7721 cells and ELTD1 knockdown Huh7 cells with CSNs and repeated the functional assays (Figure 5, right) . Notably, the cell colony and invasion were inhibited upon CSN culture in the ELTD1-overexpressimg HCC cells but were promoted in the ELTD1 knockdown cells ( Figure 5 ).
ELTD1 expression inhibits tumorigenesis in in vivo mouse models.
To demonstrate ELTD1 function in vivo, 7721-ELTD1 and 7721-Vector cells were subcutaneously injected into nude mice. After 4 weeks, the mice were sacrificed and the xenograft tumors were harvested and measured. The results showed that the xenograft tumors of the ELTD1 overexpression group were significantly smaller and lighter (P < 0.05) than those of the control group ( Figure 6A ). The corresponding images for the hematoxylin and eosin and IHC of ELTD1, CD34, vimentin, and α-SMA staining are shown in Figure 6B In addition, two groups of 6 mice each were used to confirm the effect of ELTD1 overexpression on hepatic tumor formation and metastasis by the orthotopic transplantation of 7721-ELTD1 or 7721-Vector cells into BALB/c mice. The liver tumors from the group of 7721-ELTD1 mice were significantly smaller than those from the 7721-Vector group ( Figure 6C ). This series of experiments suggested that ELTD1 affected HCC cells differently in vivo than in vitro.
Discussion
ELTD1 expression was first identified in cardiomyocytes and vascular smooth muscle cells. ELTD1 has been suggested to assist in the development of the heart and the maturation of vascular smooth muscle [8] . In addition, ELTD1 has been implicated in the angiogenesis of several types of cancer including gliomas [25] , renal cancer [26] , head and neck, colorectal, and ovarian cancer [10] . Although angiogenesis is believed to enhance tumor proliferation, invasion, and metastasis [11] [12] [13] , previous studies demonstrated that high expression of ELTD1, conversely, was correlated with favorable prognosis [10] . This apparent contradictory effect may be due to the unique characteristic of ELTD1 as an adhesion GPCR, containing a novel long N-terminus including multiple domains that facilitate extracellular protein interactions [8, 17] . Therefore, adhesion GPCRs play a dominant role in transmembrane signal transduction [5] , especially in the tumor microenvironment, which is primarily composed of CAFs along with several other cell types [4] . The role of CAFs in tumor progression is based on their crosstalk with cancer cells. In particular, CAFs affect cancer cell responses; in turn, however, cancer cells trigger a reactive response in the tumor microenvironment [16] . We suspect that the interaction between CAFs and cancer cells might adjust the expression of ELTD1, causing apparent contradictory effects on cancer cells; therefore, in the present study, we explored the function of ELTD1 in HCC. In our study, we investigated the interaction between CAFs and ELTD1 in HCC. Similar to other cancer types, the correlation between ELTD1 expression and MVD was significant, suggesting that ELTD1 facilitates HCC angiogenesis. However, the IHC results showed that the main distribution of ELTD1 was in the cytoplasm of HCC cells. To investigate this issue further, we next analyzed the correlation between ELTD1 expression and clinicopathological characteristics. The results demonstrated that high expression of ELTD1 was an independent predictor for better OS and RFS in HCC. After stratification into subgroups, ELTD1 maintained its prognostic value in single tumors, tumors larger than 5 cm, and tumors with no vascular invasion. These results suggested that ELTD1 expression correlates with favorable prognosis in patients with HCC, as had been reported in previous studies [10] .
To further explore the biological functions of ELTD1 and clarify its dependence on CAFs, we isolated CAFs from HCC and harvested their supernatants for use in HCC cells line culture. In contrast, the control group was only cultured with 10% fetal bovine serum. In the control group, functional assays showed that overexpression of ELTD1 in HCC cells significantly promoted cell growth and invasion rate. Knockdown of ELTD1, however, inhibited cell growth and invasion rate. Conversely, after being cultured with CSN, overexpression of ELTD1 inhibited cell growth and invasion rate whereas knockdown of ELTD1 promoted HCC malignancy. In order to further examine the interaction between ELTD1 and CAF, xenograft tumors were constructed. We found that the xenografts of the ELTD1 overexpression group were significantly smaller and lighter than those of the ELTD1 knockdown group. The IHC results of the xenograft tumors showed that in the ELTD1 overexpression group, CAF-related markers vimentin and α-SMA were highly expressed, suggesting that the expression of ELTD1 is correlated to CAF distribution.
Previous studies reported that in HCC, CAF is essential for tumor growth and metastasis [27] . HCC cells can further stimulate the proliferation of CAFs [28] . However, different HCC cell lines responded differently after co-culture with CAFs [29] . This may be the result of different TGF-β expression. In breast cancer, CAFs that overexpress TGF-β promote the tumorigenic outgrowth of normal breast epithelium [30] . Moreover, it has been reported that the loss of TGF-β signaling in CAFs contribute in the development of prostate cancer [31, 32] . These observations support the importance of TGF-β in CAF functions. In the present study, we investigated the possibility of ELTD1 as a potential regulatory gene in the progression of HCC. Furthermore, ELTD1 function was regulated by the secreted factors of CAFs. The possibility therefore exists that ELTD1 may mediate the TGF-β signaling of CAFs.
In summary, our study showed that ELTD1 expression is increased in the cytoplasm of HCC cells compared to that of paratumor tissues. High expression of ELTD1 is correlated with favorable outcome in patients with HCC. Native in vitro studies showed that ELTD1 acted as a tumor promoting gene, whereas in vivo studies suggested otherwise. However, after culturing HCC cells with CSN, ELTD1 inhibited the proliferation and metastasis of HCC, demonstrating that the apparent contradictory effects of ELTD1 are regulated by CAFs and suggesting the likely importance of the tumor microenvironment in mediating the positive impact of ELTD1 expression on patient outcome in HCC. Moreover, as previous reports have suggested that TGF-β recruits CAFs and invokes the expression of ELTD1, our data raise the possibility that TGF-β signaling regulates the interaction between CAFs and ELTD1. However, this notion needs further investigation.
